Introduction
The past 15 years have witnessed dramatic changes in the postgraduate environment for surgical trainees. The first major change was the introduction of the Specialist Registrar (SpR) grade in 1996 following recommendations of a government commissioned report into postgraduate training. 1 It was intended that a structured and more closely supervised training would compensate for a reduction in time spent in the registrar grade. The second major change was the implementation of the 'new deal' for junior doctors in 2000, which effectively saw a statutory limitation of working hours in accordance with the European working time directive (EWTD) which was phased in over a 9-year period. 2 Many specialties and trusts are continuing to grapple with the necessary changes in service and training provision that are required. The final change has been the introduction of Modernising Medical Careers (MMC) with a new run-through training in some specialities. MMC is continuing to evolve in the context of a competency-based curriculum. 3, 4 As these changes have been implemented in the foreground, changes in the NHS service provision have also been taking place in the background. The introduction of independent sector treatment centres (ISTCs) and diagnostic treatment centres (DTCs) have pared common elective procedures away from many units leading to a concentration of these cases into high volume centres 5, 6 which, in the case of ISTCs, are outside of the NHS training locus.
Portentous warnings over the detrimental effects of Calmanisation of training, 7 DTCs, ISTCs, 8 and the impact of the EWTD 9 on surgical experience across specialties have been made repeatedly. Specific concerns have been raised in ophthalmic surgical training despite a large increase in the numbers of cataract procedures being performed in the NHS (42% increase to 328 397 per year from 2000 to 2008 10 ). There has been some suggestion that the advent of ISTCs may have altered the case mix of elective cataract surgery leading to a dearth of suitable cases for trainees. 11, 12 There has been some suggestion also that the numbers of surgical cases being performed by SpRs has been decreasing in some areas. 13 Despite these concerns, there is little evidence describing how surgical training has been affected. Such analysis is difficult to formulate, as detailed data would need to be collected on different surgical procedures over long periods of time.
Requirements for completion of ophthalmology training in the United Kingdom have changed over the past 15 years. Before Calman reforms in 1996, accreditation was awarded on the basis of 3 years in the senior registrar grade. For new entrants from 1996 to 2007, ophthalmology higher surgical training has been set at 4 and a half years and requires exposure to all of the main subspecialties including anterior segment, neuro-ophthalmology, oculoplastics, strabismus, glaucoma, medical retina, and surgical retina. Trainees are required to achieve minimum numbers of surgical procedures at levels set by the Royal The aim of this study is to establish the patterns in long-term trends in cumulative surgical experience of ophthalmology trainees in the United Kingdom.
Methods
Cumulative surgical data were obtained from the education department of the Royal College of Different categories of cumulative surgical experience were available. The categories included for analysis were as follows: cataract surgery, strabismus surgery, oculoplastics surgery, vitreoretinal procedures (VR), and corneal transplants. Only procedures performed as sole surgeon or performed under supervision were included for analysis. Procedures where trainees undertook assisting and observing roles were excluded.
Interquartile ranges for each surgical category were displayed as box and whisker plots using SPSS v. 16 .0 (SPSS Inc., Chicago, IL, USA). Box and whisker plots demonstrate the quartile spread of the data distribution of cumulative procedures for each of the surgical subspecialties. The central box represents the central 2 quartiles and the whiskers represent the upper and lower quartiles. Outliers are represented by circles (within 1.5-3 box lengths of the central 2 quartiles) and extremes as asterisks (beyond 3 box lengths of the central 2 quartiles). Analysis was descriptive only. No ethical approval was required for this study.
Results
The number of trainees awarded CCST, CCT, or accreditation by the Royal College of Ophthalmologists has increased dramatically over the past 15 years. These were below 20 per year in 1993, increasing to between 62 and 70 per year in the years between 2005 and 2008. This is a manifestation of the Calman report recommendations that have led to a general expansion in consultant numbers and better-regulated workforce planning throughout the United Kingdom. These numbers are summarised in Figure 1 .
The cumulative cataract surgical experience per trainee is represented in Figure 2 . Of note is the stability of the median numbers of surgeries performed varying from a low of 522 in 2007 to a high of 695 in 1996, although these levels have fluctuated, they appear to have remained stable at between 500 and 600 for most years. A narrowing of the quartile ranges since 2005 is also noted.
Squint surgery has seen a large downward trend with a decrease in the median numbers being performed from 121 in 1993 to 43 in 2008. Again, an increase in the outlier effect is observed in later years and also evident is a truncation of the lower quartile in the years between 2005 and 2008 (see Figure 3) .
The cumulative experience for the subspecialties such as vitreoretinal and corneal graft surgery have historically been low with a large outlier effect, although trends demonstrate a decrease in the median numbers of procedures being performed and also a truncation of the lower quartiles in the years from 2005 to 2008 (see Figures 4 and 5) . Figure 6) .
Discussion
These data demonstrate that although the cumulative experience of cataract surgery for trainees has remained stable, there has been a reduction in the median numbers of subspecialty procedures performed over the past 15 years. Cataract surgery is the most commonly performed ophthalmic surgical procedure, and despite significant increases in the numbers of trainees, the median levels of experience have varied between 500 and 600 operations for most years. This is an enviable number to have achieved during training and compares very favourably to other countries such as the United States where the American Council for Graduate Medical Education requires a minimum of 86 cataract procedures over the course of the residency period.
14 Contrary to popular belief, surgical proficiency is not a direct result of intrinsic ability. Recent evidence has demonstrated that repeating a particular technique can allow a trainee to develop a high level of skill. 15, 16 This emphasises the importance of maintaining surgical experience in the context of the recent move from cumulative surgical requirements to competency-based training.
The decline in cumulative experience of subspecialist procedures is likely to be the result of these procedures being performed by trainees who have undertaken subspecialty fellowship training. There is a very well developed network of fellowships in ophthalmology that has been operating for a number of years. The effect of these fellowships is likely to be responsible for the progressively more pronounced outlier effect, which is Higher surgical training in ophthalmology DG Ezra et al seen to be particularly dominant in the oculoplastics and strabismus subspecialties. This 'fellow effect' reflects the relatively small numbers of trainees opting for intensive subspecialty experience in these fields. The college requirements have changed over time to reflect this change with all trainees required to assist at and gain experience of the more complex specialist procedures rather than be the sole performer. The move to subspecialty training is consistent with widely accepted findings that higher surgeon volume and specialisation are associated with improved patient outcome. 17 This study has limitations. The retrospective nature of the study is unable to account for heterogenous training peroids. The time in training will not have been consistent, especially for trainees accrediting before Calmanisation of training in 1996.
The role of the Royal college of Ophthalmologists (RCOphth) in legislating minimum levels for cumulative experience appears to have had a significant impact on the data distribution. The truncation of the inferior quartile of many of the data spreads is evident. These truncation points are occurring at the level at which the RCOphth has set minimum requirements for surgical experience. These were recently altered in 2003 to reflect the changing expectations of numbers of procedures to be performed. For squint procedures, it is set at 20, VR and corneal graft procedures at 0 (trainees are however required to assist in these procedures). Another important role of the RCOphth in modulating numbers of operations being performed lies in how a procedure is defined. For oculoplastics, the definition of what constitutes a procedure was changed to include minor procedures such as punctoplasty or chalazion curettage. This wider definition is likely responsible for the dramatic increase in numbers of recorded procedures being performed after 2003 in contrast to the decline in cumulative experience before this change in definition. In the context of the more recent move towards competency-based training, this focus on the breadth of surgical experience remains a key element in the way the College sets standards of ophthalmic practice and requires trainees and trainers to ensure that the wide surgical experience of the trainee continues.
Evidence of the impact of reforms of surgical training in the United Kingdom is limited with very few longterm studies having been conducted. In obstetrics and gynaecology, a study at a single unit showed a dramatic decrease in surgical procedures being performed by 73% between 1995 and 2005. 18 Conversely, a national survey of cumulative paediatric surgery experience among trainees between 1996 and 2004 found a modest increase in a surgical numbers being performed and did not endorse the view that surgical experience is declining. 19 These findings are consistent with a national survey in the United States, which have shown that reduction in working times did not affect cumulative surgical experience over the transition period to a shorter working week. 20 It has been suggested that changes in training, an expansion of the roles of paramedical staff and IT innovations may help to shore up critical training areas. 21 Training in cataract surgery in the United Kingdom has seen huge investment in recent years to maximise the efficiency of training. Surgery is better supervised and there have been infrastructure innovations to encourage real and simulated training environments to operate in parallel. A wide variety of simulated teaching strategies are being employed, including validated microsurgical skills courses, 22 in vitro human and animal models, and computer-based virtual reality models. 23 The government's vision for the future of medical training suggests that the majority of trainees acquiring CCT become 'generalists' who will carry out common procedures and refer more specialist problems to colleagues undertaking high volumes of these cases; 24 however, concern has been raised about whether this can be adequately achieved in the context of changes in training environment. 9 The data presented describing the evolution in surgical training in ophthalmology shows that this is achievable against a backdrop of reduced hours. Although these data demonstrate that this has been achievable with the reduction to 56 h per week, whether this can be maintained in the face of further working time constraints remains to be seen. The data also highlights the key role Medical Royal Colleges have in setting training standards and ensuring these standards are delivered resulting in the satisfactory completion of training.
